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The most thoroughly studied predator-induced defenses are those found in cyclomorphotic Daphnia species. Morphological shifts in Daphnia ambigua, D.galeata mendota, D.retrocurva and D. cucullata are all attributed to chemical exudates from invertebrate predators (Hebert and Grewe, 1985; Dodson, 1988; Hanazato, 1990 Hanazato, ,1991 Tolliran, 1990) . The effectiveness of these defensive tactics by Daphnia against invertebrate predators has been demonstrated in studies with the phantom midge larvae, Chaoborus (Kreuger and Dodson, 1981; Havel and Dodson, 1984; Havel, 1987) , the predacious copepod Heterocope (O'Brien et al, 1979a,b) and the backswimmer Anisops (O'Brien and Vinyard, 1978; Barry and Bayly, 1985) . Morphological changes have also been observed in Daphnia due to fish kairomones (Dodson, 1989; Tolliran, 1994) . O'Brien et al. (1979b) have shown the larger, helmeted morph of Daphnia longiremis to be less vulnerable to fish predation than the smaller, non-helmeted morph; however, little attention has been paid to the role Daphnia spines may play as a defense against small or juvenile fish. This study investigates the impacts that the long helmet and tail spines of Daphnia lumholtzi (Figure 1 ) may have on juvenile bluegill sunfish.
Juvenile bluegill sunfish {Lepomis macrochirus) were obtained by seining from two reservoirs: Cross reservoir, a 4 ha impoundment located on the University of Kansas' Nelson Environmental Studies Area, 13 km north of Lawrence, Kansas, and a 4 ha reservoir from Otto's Fish Farm, 13 km north of Eudora, Kansas. Forty fish ranging in size from 20 to 35 mm were isolated in aquaria and acclimated to a 16:8 light:dark cycle at 21°C. While in the laboratory, all fish were fed with an array of plankton from Cross reservoir. Individual fish were isolated in the experimental arenas, 15 x 15 x 15 cm glass cubes, and were fasted for 24 h prior to feeding trials. The fish were moved to a filming apparatus and acclimated to the lighting conditions for 10 min. Fish size (total length in millimeters) was measured after each feeding trial. Fish were grouped into three size classes: 20-25,26-30 and 31-35 mm. Data were collected from a total of 30 fish, 15 for each Daphnia species, with five fish in each size class. Adult D.lumholtzi were obtained by several 10 m vertical hauls of a 30 cm diameter, 335 jjLm mesh plankton net in Clinton reservoir, located 5 km west of Lawrence, Kansas. Zooplankton hauls were made within 24 h of the experiments. Adult individuals were isolated and measured with an ocular micrometer. Two hundred individuals used in the experiments were measured for head spine (HS) length, tail spine (TS) length and body length (BL), the sum of which yields total length (TL) in millimeters. Small D.magna were obtained from laboratory cultures and measured using an ocular micrometer. Two hundred individuals used in the trials were measured for total body length in millimeters (Figure 1) .
Each fish was offered either 40 D.lumholtzi or 40 D.magna for 10 min. Each fish was used only once for one prey type. Direct observations of the fish were made to count the number of Daphnia eaten and the number rejected. Statistical tests were carried out using a two-way ANOVA, by methods in Sokal and Rohlf (1981) , using Minitab, PC version, Release 10 Xtra (Minitab, 1995) .
A significant interaction between fish size and prey type was found for rejections of Daphnia prey (P < 0.01). Examination of the means (Table I; Figure 2) shows that the smallest class of fish had many more rejections of D.lumholtzi (x = 11.6/ trial) than the two larger size classes (x = 3.6/trial, 3.4/trial), accounting for the significant interaction effect. Analysis of the data without the smallest fish reveals that fish 26-35 mm reject significantly more D.lumholtzi than D.magna (P < 0.001). However, the number of rejections is independent of fish size. Juvenile bluegill ingest significantly more D.magna than D.lumholtzi (P< 0.01). Larger bluegill eat significantly more of both Daphnia species than do smaller bluegill (P < 0.001). Larger bluegill eat a greater percentage of both Daphnia than do smaller bluegill (Table I) . Mean lengths for D.lumholtzi were HS = 0.51 mm, TS = 1.46 mm, BL = 1.61 mm and TL = 3.63 mm. Mean TL for D.magna was 3.55 mm.
Some other observations were made during the experiments. Two of the five fish from the smallest size class (20-25 mm) discontinued feeding attempts on D.lumholtzi ~3 min into the trial. Two small fish made no attempts to capture any D.lumholtzi; no data were taken from these fish. Almost all captures of D.lumholtzi were made with the anterior spine entering the buccal cavity first. In several instances, this resulted in the spine lodging in the roof of the fish's mouth, followed by immediate expulsion from the buccal cavity. In one instance, the fish ceased all feeding attempts following these events.
The invasion of the exotic cladoceran D.lumholtzi into North American reservoirs has raised questions about its potential impacts on fish populations (Havel et al., 1995; S.M.Swaffar and W J.O'Brien, in preparation). This study has shown that juvenile bluegill ingest fewer and have higher rejection rates of D.lumholtzi than for similar sized D.magna. Because the overall Daphnia sizes were similar, this indicates that the head and tail spines of D.lumholtzi are serving as defensive mechanism against juvenile bluegill and likely other small planktivores.Younger, smaller fish certainly will encounter greater difficulties than larger fish, and this study suggests a critical size where attacks on D.lumholtzi are possible, but generally unproductive and perhaps even harmful. If the spines of D.lumholtzi deter or reduce feeding by juvenile fish, the question arises: how will reduced predation on D.lumholtzi affect the growth and survivorship in young-of-the-year fish populations? In midwestern reservoirs, Daphnia are a primary food source for planktivorous fish. Daphnia have been shown to be an important component in the diet of young white crappie (Pomoxis annularis), a common planktivore throughout the Midwest (Mathur and Robbins, 1971; O'Brien etal., 1984) . Wright and O'Brien (1984) report that the stomach contents of young white crappie contain up to 80% Daphnia, even though Daphnia comprised only 10% of the available crustacean zooplankton. Larval or juvenile fish are often obligate planktivores (Mills etal., 1986; O'Brien, 1987) , and the organisms used as food during these periods are important in the success of a year class (Siefert, 1972) . The stomach contents of yellow perch (Perca flavescens) fry show D.pulex is the dominant food type (Noble, 1975; Hansen and Wahl, 1981) . Siefert (1968 Siefert ( ,1972 reports that Daphnia are components in the diets of larval bluegill (L.macrochirus), white sucker (Catostomus commersoni), emerald shiner (Notropis atherinoides) and rainbow smelt (Osmerus mordax), and postlarval white crappie between 10 and 14 mm feed heavily on Daphnia. Since mouth gape size is a feeding limitation for most larval fish (Zaret, 1981) , the elaborate helmet and tail spines of D.lumholtzi may present handling and ingestion difficulties for larval fish in invaded reservoirs.
The reproductive timing of fish must be considered when hypothesizing about the possible impacts of D.lumholtzi on small fish. Observed populations of D.lumholtzi in northern midwestern reservoirs occur in late summer and decline rapidly in the fall (S.M. Swaffar, personal observation; Havel etal., 1995) . Therefore, larval stages of late-spawning fish, or species with extended spawning periods like bluegill and some other sunfishes, could encounter large numbers of D.lumholtzi during critical growth periods. For those fish that spawn in spring and early summer, age-zero fish may have sufficient time for growth to overcome gape-size limitations for feeding on D.lumholtzi; however, smaller fish could still encounter handling or digestion difficulties.
Foraging and refuge habitat for larval and juvenile fish may also be important in determining the impacts of D.lumholtzi Aquatic vegetation in nearshore areas is used as protective cover by larval fish (O'Brien, 1987) . In Lakes Victoria and Albert, Africa, the larger, pointed-helmet form of D.lumholtzi is abundant nearshore, where planktivorous fish are common; the smaller, rounded-helmet form is more abundant in open waters where planktivores were rare (Green, 1967 (Green, , 1971 . Little information is available on the spatial distribution of D.lumholtzi within reservoirs in North America; however, Work and Gophen (1995) report D.lumholtzi in shallower riverine areas of Lake Texoma, Oklahoma.
The spines of D.lumholtzi may provide a selective advantage over other Daphnia and zooplankton competitors. Late instar Chaoborus, a major invertebrate predator in most midwestern reservoirs, frequently use Daphnia as a prey item (Pastorok, 1980) . However, fourth instar Chaoborus punctipennis are unable to ingest D.lumholtzi that are 2.0 mm or larger (S.M.Swaffar, personal observation). The invertebrate predator Leptodora kindtii is also likely to encounter feeding difficulties on D.lumholtzi. Large Daphnia can often escape attacks by Leptodora (Browman et al., 1989) . If invertebrates like Chaoborus and Leptodora, as well as small fish predators, are unable to feed effectively on D.lumholtzi, then other Daphnia and zooplanktors may experience higher predation rates, potentially altering zooplankton community structure. Lehman and Ciceres (1993) have seen declines in Leptodora and Daphnia populations, and increases in Conochilus and Bosmina populations, since the invasion of the pelagic cladoceran, Bythotrephes cederstroemii, into Lake Michigan.
Perhaps only time will truly tell if D.lumholtzi will be a benign addition to North American freshwaters or whether it will take a toll more like the destructive zebra mussel (Dreissenapolymorpha) (Roberts, 1990) . While D.lumholtzi may not menace human commerce and water supplies, it may impact larval fish populations in North American reservoirs. Future efforts should be made to determine the habitat overlaps of small fishes and D.lumholtzi in midwestern and other affected reservoirs. Studies comparing feeding and growth rates of pelagic planktivores using D.lumholtzi and other native Daphnia may also provide valuable information.
